INTRODUCTION
It is generally assessed that the heritability of personality ranges from 30% to 50-60% (Bouchard & Loehlin 2001 , Larsen & Buss 2005 ). Assessments vary due to different methodologies, study designs and personality models used (Vukasović 2013) .
In molecular and genetic research that aims to determine a specific gene associated with specific personality traits, the genes of the dopamine and serotonin systems are the most commonly studied. One of the most commonly studied of the dopamine genes are DAT1 VNTR and COMT Val158Met polymorphisms. In measuring personality, the Cloninger Temperament and Character Inventory (TCI) test is most commonly used. This model includes four temperament traits: novelty seeking, harm avoidance, reward dependence and persistence, and three character traits: self-directedness, cooperativeness and self-transcendence. Cloninger (1987) associated a higher novelty seeking trait with a lower level of dopamine. Harm avoidance was associated with serotonin, though it has been stated that it is not recommended to assume a simple linear relationship with absolute serotonin levels (Larsen & Bus 2008). A higher reward dependence is associated with low levels of noradrenaline. Persistence has not been associated with specific neurotransmitters.
In terms of the dopamine system, important indicators are the dopamine transporter (DAT) and catechol-O-methyltransferase (COMT). DAT carries dopamine from the synapse into the presynaptic neuron, while COMT participates in dopamine breakdown, and therefore affects its overall levels.
The gene that codes DAT is the SLC6A3 gene (or DAT1), which is found on the short arm of the 5th chromosome, at the site 5p15.3. It contains approximately 52,637 nucleotides and 15 exons consisting of 3932 nucleotides (Mrazek 2010). The best known gene variation is rs28363170 or DAT1 VNTR or 40bpVNTR at 3'UTR, which implies a certain number of repetitions of a block of 40 base pairs. The differences in VNTR affect the level of expression of DAT1, i.e. the amount of DAT protein, which in turn affects dopamine levels. The polymorphism has two common alleles, with 9 or 10 repetitions of the 40 base pair block. There are alleles with 3 to 11 repetitions of the base pair block, though these are less commonly studied (van Dyck et al. 2005) . Numerous studies have examined the relationship of DAT proteins and dopamine levels, and have shown that a reduction in the reuptake of dopamine, which DAT is responsible for, results in adapted changes, such as reduced dopamine levels in the presynaptic terminals, i.e. more dopamine remains in the synaptic cleft (Congdon & Canli 2008) . Due to its specific location, this polymorphism cannot influence the structure of the DAT protein, though it can impact the expression of the level of modulating structure or degradation of mRNA (Fuke et al. 2001 ). However, research on the association between the 9-and 10-repeat alleles with DAT1 gene expression has given inconsistent results. Namely, some studies have shown that the 9-repeat allele is associated with greater DAT1 gene expression, and that those possessing the 9-repeat allele have greater accessibility to the DAT protein ) emphasized that the effects of the COMT polymorphism on synaptic levels of dopamine have not yet been fully elucidated, and that it is possibly too early to conclude whether the Val allele induces lower dopamine levels. It is also believed that the links between this polymorphism and catecholine transmission are much more complicated than they appear.
In terms of testing the relationships between personality and the COMT Val158Met polymorphism, an association has often been found between increased novelty seeking and the Met allele (e.g. Davila Calati et al. 2011 ). However, it should be stated that reports concern only certain personality traits, and that the results are truly variable. In comparison with research on personality traits associated with the COMT Val158Met polymorphism, there are fewer studies investigating the DAT1 VNTR polymorphism. Of the 30 papers reviewed, only a handful found an association between the same trait and the same genotype. For example, associations were found between novelty seeking and the 10/10 genotype, though some studies found an association with increased novelty seeking (Schosser et al. 2010 ) while others found an association with decreased novelty seeking (Anghelescu et al. 2010 ). Important VTA dopaminergic projections involve the amygdala, the hippocampus, the cingulate, and the PFC. Practically all of these VTA projections are reciprocal feedback connections, suggesting that dopamine has a role in modulating higher order cognitive functions of the neocortex, as well as the subcortical limbic areas involved in novelty and rewardbased learning. Perhpas this complexity can explain the variability of results regarding relationship between novelty seeking and dopaminergic genes presented here, whether we discuss about different levels of novelty seeking or different alleles of the same gene (and the same level of novelty seeking). Furthermore, the 10-repeat allele is also associated with persistence No studies of this type, to test the associations between personality and these polymorphisms, have been previously conducted in Croatia. The objective of this study was to test the association of the Cloninger temperament and character traits with the DAT1 VNTR and COMT Val158Met polymorphisms. As previously stated, Cloninger (1987) published the theory of the negative association between novelty seeking and dopamine levels. Since the Val allele is associated with increased activity of the COMT enzyme, and therefore with lower dopamine levels, for the purpose of testing the Cloninger assumptions, the following hypothesis was set: 
SUBJECTS AND METHODS

Participants
The study was conducted on a sample of 114 participants recruited among Police college students (N=56) and Sestre Milosrdnice University Hospital staff (N=58) in Zagreb. The mean age of participants was 35 years (SD=10.06), with 56.7% of participants being male and 43.3% female. A physical status exam was performed by a trained medical professional and the M.I.N.I. psychiatric interview (Mini International Neuropsychiatric Interview) (Sheenan 1998 ) was used to screen for potential mental disorders. Participants with extreme EPQ scores were also excluded. A total of 13 of the 114 participants were excluded from the study. DAT1 VNTR polymorphism was successfully genotyped for 91 and COMT Val158Met polymorphism for 92 participants. All participants willingly gave their informed consent to participate in this study. Firstly, they were informed about the scientific purpose of the study and about the means of securing anonymity with codes.
Genotyping
Genomic DNA was isolated from 200 µL whole blood taken into K3EDTA eprouvettes (Greiner BioOne GmbH, Kremsmünster, Austria) using a commercial kit, High Pure PCR Template Preparation Kit (Roche, Basel, Switzerland).
DAT1 VNTR polymorphism
PCR multiplication was performed by the method originally described by Vandenbergh et al. (1992) , using the primers DATf: 5'-TGTGGTGTAGGGAACGGCCTGAG-3' and DATr: 5'-CTTCCTGGAGGTCACGGCTCAAGG-3'. 30 µL of PCR product consisted of 200 nmol/L DATf and DATr primers (Invitrogen, Carslbad, CA SAD), 200 µmol/L of each dNTP, 1 U Taq DNA polymerase, 1.5 mmol/L Mg in a matching PCR buffer with 1X concentration (Roche, Basel, Switzerland) 6% v/v DMSO and 100 ng genomic DNA. Conditions for PCR multiplications (MasterCycler Gradient, Eppendorf, Hamburg, Germany) were: initial denaturation -95°C/2min; extension -35 cycles -95°C/60s, 68°C/60s, 72°C/60s; final elongation -72°C/10min. PCR product was electrophoresed on a 2% Biozym Sieve GP agarose gel (Biozym Scientific GmbH, Hessisch Oldendorf, Germany) at 100V/cm for 30 minutes and stained with ethidium bromide following the standard protocol. VNTR polymorphism was evaluated by comparison with marker XIII (Roche, Basel, Switzerland): VNTR 11 repeats (520pb), VNTR 10 repeats (483pb), VNTR 9 repeats (441pb), VNTR 7 repeats (361pb), VNTR 6 repeats (321pb).
COMT Val158Met polymorphism
PCR multiplication was performed by the method described by Lachman et al. (1996) , using the primers COMTf: 5'-CTCATCACCATCGAGATCAA-3' and COMTr: 5'-CAGTGAACGTGGTGTGAACAC-3'). 30 µL of PCR product consisted of 200 nmol/L COMTf and COMTr primers (Invitrogen, Carslbad, CA SAD), 200 µmol/L of each dNTP, 1U Taq DNA polymerase, 1.5 mmol/L Mg in a matching PCR buffer with 1X concentration (Roche, Basel, Switzerland) and 100 ng genomic DNA. Conditions for PCR multiplications (MasterCycler Gradient, Eppendorf, Hamburg, Germany) were: initial denaturation -94°C/2min; extension -35 cycles -94°C/30s, 60°C/30s, 72°C/120s; final elongation -72°C/10min. Following the electrophoresis control of successful multiplication, 10 µL of PCR product was split at 37°C overnight with 6U NlaIII restriction enzyme (New England BioLabs, Ipswich-MA, USA) in a matching buffer (1.2 X final concentration) and electrophoresed on Spreadex EL 300 gel (Elchrom Scientific AG, Cham, Switzerland) at 100V/cm for 50 minutes. Following staining with SYBR ® Gold (Invitrogen, Carslbad, CA USA), COMT polymorphism was evaluated in comparison to marker V (Roche, Basel, Switzerland). Val158 splits into fragments of 87bp, 54bp and 43bp; while 158Met splits into fragments of 69bp, 54bp, 43bp and 18bp.
Instruments
The TCI personality test (Cloninger et al. 1994 ) was used to measure personality. This test consists of 7 scales and 240 items, of which 40 measure novelty seeking (NS), 35 harm avoidance (HA), 32 reward dependence (RD), 8 persistence (P), 44 self-directedness (SD), 42 cooperativeness (C) and 33 self-transcendence (ST). Participants responded to each item with true or false. Each scale consists of several subscales. NS consists of 4 subscales: exploratory excitability vs. stoic rigidness (NS1), impulsiveness vs. reflectiveness (NS2), extravagance vs. reservation (NS3), disorderliness vs. order (NS4). HA consists of 4 subscales: anticipatory worry and pessimism vs. uninhibited optimism (HA1), fear of uncertainty (HA2), shyness (HA3), fatigability and asthenia (HA4). RD consists of 3 subscales: sentimentality (RD1), openness to warm communication (RD2), attachment (RD3), dependence (RD4). P includes only one scale. SD consists of 5 subscales: responsibility vs. blame (SD1), purposeful vs. lack of focus (SD2), resourcefulness (SD3), self-acceptance (SD4), enlightened second nature (SD5). C consists of 5 subscales: social acceptance vs. social intolerance (C1), empathy vs. social disinterest (C2), helpfulness vs. unhelpfulness (C3), compassion vs. vengefulness (C4), pure-hearted conscience vs. care for own benefit (C5). Finally, ST consists of 3 subscales: spiritual acceptance vs. rational materialism (ST1), self-forgetful vs. awareness of lived experiences (ST2), transpersonal identification vs. self-differentiation (ST3).
The TCI questionnaire was not validated for the Croatian population, and therefore, an analysis of the main components was performed and the reliability verified for the scales and subscales of that questionnaire. Parallel analysis (Monte Carlo PCA for Parallel Analysis) was used as the criteria to determine the number of main components. The expected factorial structure (four factors of temperament and three characters) was not confirmed, neither by the Kaiser criteria, nor by parallel analysis. The expected structure was visible only in the Scree plots, which is not sufficient as confirmation. In terms of reliability of the scales and subscales of the TCI questionnaire, satisfactory α coefficients were obtained in virtually all scales, ranging from 0.71 to 0.86. For the subscales, the α coefficients ranged from 0.27 to 0.85.
Procedure
Police college students completed the assessment at the college premises after their regular lectures. Sestre Milosrdnice Clinical Hospital (SMCH) employees completed the assessment at their workplace during their daily work pause. They then completed personality inventories, after which they willingly gave blood samples to trained medical staff from SMCH in Zagreb. Blood samples and questionnaires were coded and only the chief investigator had knowledge about which code corresponded to a specific participant.
Statistical analysis
The data was processed using the SPSS program package 18.0 (IBM SPSS Software). Relationship of personality traits and DAT1 VNTR and COMT Val158Met polymorphism genotypes was analysed by two-factor variance analysis.
Considering that the study also determined gender and age differences concerning personality traits (viz. Allemand, Zimprich & Hendriks 2008, Chapman et al. 2007 ), prior to analysis, the dependent variables (personality traits) were corrected for the main effects of age and gender by regression.
Bonferroni's correction was not performed on the obtained results, as this procedure would be excessively strict for the sample size, and would cancel out significance, portraying truly significant results as insignificant. Therefore, this would result in increased exposure to type II errors.
Three types of variables for each polymorphism were analysed separately (along with other the polymorphism as an independent variable) with personality traits as the dependent variables. Those three types of variables were: independent three-level variables (DAT3 and COMT3) and two two-level independent variables (DAT9 and DAT10; COMTMet and COMTVal). The DAT1 VNTR polymorphism threelevel independent variable (DAT3) consisted of 9/9, 9/10 and 10/10 genotypes. The first two-level independent variable (DAT9) assumed the comparison of 9 allele carriers (9/9 and 9/10) with 10/10 genotype carriers, i.e. the differences between 9 allele carriers and those without it were analysed. The second twolevel independent variable (DAT10) assumed the comparison of 10 allele carriers (9/10 and 10/10) with 9/9 genotype carriers, i.e. the differences between 10 allele carriers and those without it were analysed. The 
RESULTS
Descriptive data of the study sample are presented in Table 1 . In the sample of 101 participants, the distribution of the DAT1 VNTR genotypes was as follows: 9/9 -6.6%; 9/10 -46.2%, and 10/10 -47.3%. Allele frequencies were: 29.67% for the 9-repeat allele, and 70.33% for the 10-repeat allele. Furthermore, in terms of the main effect of DAT1 VNTR, a higher result was found on the subscale selfdirectedness (SD2) among carriers of the 9/9 genotype (M=7.33, SD=0.51, Table 3 In the figures (Figure 1 and 2) , the joint effects of the polymorphisms can be seen for novelty seeking (subscale NS3) and cooperativeness (subscale C2). However, for a more detailed analysis, simple effects analysis was performed ( Table 4 ). The effect of each level of one independent variable on levels of other independent variables was tested.
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With regard to the interactions of DAT10 and COMTVal on the subscale novelty seeking (NS3), carriers of the Val allele and the 10/10 genotype (M=6.25, SD=2.21, Table 4 ) had a higher result that carriers of the Met/Met and 10/10 genotypes (M=1.50, SD=0.70). The remaining combinations of various levels of either independent variable did not yield statistically significant results. For the interaction of COMTVal and DAT9 (C2), a higher result was seen among carriers of the Met/Met and 10/10 genotypes (M=5.66, SD=0.50) than carriers of the Val allele and 10/10 genotype (M=4.54, SD=1.66). The remaining combinations of levels for either independent variable did not yield statistically significant results. In the analysis of COMTVal and DAT9, the Leven test was significant (<0.05; 0.00), and therefore the results of that analysis should be interpreted with caution. Cloninger's (1987) hypothesis of a negative association between novelty seeking and dopamine levels was partially confirmed in the context of COMT Val158Met, at the allele level. No significant main effect was obtained for COMT Val158Met in the analysis with the entire NS scale as the dependent variable, which included three types of COMT variables (COMT3, COMTMet and COMTVal). For the subscales, no significant main effect was obtained for COMT3 as the independent variable on any of the subscales, though a main effect of COMTVal (Val/Val and Val/Met vs. Met/Met) as the independent variable was obtained for NS3. Therefore, greater novelty seeking was found among carriers of the Val allele in comparison with those carrying the Met/Met genotype, thereby partially confirming the Cloninger hypothesis.
DISCUSSION
The results of the study showed that there is a statistically significant main effect of the tested polymorphisms, and their interactive effect on the results of the temperament and character scales.
The subscale of purposefulness vs. lack of focus (self-directedness) showed a main effect of DAT1 VNTR, and a higher result was found for carriers of the 9/9 genotype than for carriers of the 10-repeat allele. For the COMT Val158Met polymorphism, main effects were found on the subscales: extravagance vs. reservation (novelty seeking), where Val allele carriers had a higher result than Met/Met genotype carriers; persistence (self-directedness), where Val/Val genotype carriers had a higher result than Met allele carriers; helpfulness vs. unhelpfulness (cooperativeness), where Val allele carriers had a higher result than the Met/Met genotype carriers, and on the subscale of transpersonal identification vs. self-differentiation (self-transcendence), where Met/Met genotype carriers had a higher result than Val allele carriers. Two significant interactions were also found. On the subscale of extravagance vs. reservation (novelty seeking), Val allele and 10/10 genotype carriers had a higher result than the Met/Met and 10/10 genotype carriers. On the subscale of empathy vs. social disinterest (cooperativeness), a higher result was found for Met/Met and 10/10 genotype carriers than Val allele and 10/10 genotype carriers.
For the purpose of this study, a comprehensive review was performed of research (published to 2015) testing the associations of personality with the polymorphisms tested here. For DAT1 VNTR and selfdirectedness, the study of Anghelescua et al. For the interactions, no studies in the literature reported results similar to those reported here. However, it is necessary to state that interactions have weaker statistical strength than the main effects, and therefore the interpretation of statistically significant interactions should be addressed with greater caution, and those results verified on a larger sample size. , this study did not have a suitable factorial structure. There are several variables that could affect the results of the study, such as race. Namely, allele frequency is differentiated by different ethnic and population groups. This study was performed exclusively on persons of Caucasian race, therefore the results cannot be generalised for other races. An important factor is environmental influence, such as the interaction of genes and the environment, i.e. exposure to various stressors, which were not controlled in this study. Sample size is another limitation of this study. Namely, the analysis of statistical strength and size of effects on the significant results suggests a very small effect (partial η 2 =0.09; partial η 2 =0.06) and unsatisfactory strength (<0.80). Therefore, future studies should be performed on large samples, as sample size has a very direct and powerful effect on the statistical power of the test (McHugh 2008) . Furthermore, the sample of this study consisted only of police employees and hospital staff, and therefore, it is questionable as to how these results could be generalised to the remainder of the population.
Cloninger did not exclude the existence of a genetic foundation for character, though he considered that genes were more involved in the foundation of personality traits (Cloninger, 1998) . Later, he stressed that research on the biological foundation of characters had proven the existence of some heredity and association with specific genes (Cloninger 2003) . Kirk (1999) stated that the additive genetic influences proved to be important in the sense of self-transcendence, and that heritability was assessed to range from 0.37 to 0.41 for both genders, and that the effects of the common environment did not prove to be significant. Namely, the literature reports findings, though few, of research connecting character traits with the tested polymorphisms (Hamer et al. 1999, Saiz et al. 2010 , Thierry et al. 2004 ). This research has confirmed that there is a genetic foundation to character traits. Future studies could prove interesting to additionally test Cloninger's theory, with an analysis of the strength of association between genes and personality traits on the one hand, and the association with character on the other.
In the late 1990s, molecular and genetic research of personality began, and numerous studies have since been performed. However, this subject area is highly complex and sensitive, with a large number of factors that could impact the results, and which should be controlled. Therefore, the numerous contradictory results, and the generally broad and diverse spectrum of results should come as no surprise. In the future, we can expect it will be possible to gain insight into a person's personality traits from a blood sample. We are still far from this, though this and similar studies are contributing toward that goal. Efforts certainly should be focused on standardising the work methodology. In addition to all the biological factors that impact these results, it is necessary to reduce the researcher's influence.
CONCLUSIONS
The objective of this study was to test the association between the Cloninger dimensions of temperament and character with the DAT1 VNTR and COMT Val158Met polymorphisms.
Main effects were found for both polymorphisms, and for their interactions. The main effect of the DAT1 VNTR polymorphism was found for the subscale of purposefulness vs. lack of focus (self-directedness), with a higher result found in carriers of the 9/9 genotype than in those carrying the 10-repeat allele. For the COMT Val158Met polymorphism, the main effects were found on the subscales: extravagance vs. reservation (novelty seeking), with a higher result among Val allele carriers than Met/Met genotype carriers; resourcefulness (self-directedness), with a higher result among Val/Val genotype carriers than Met allele carriers; helpfulness vs. unhelpfulness (cooperativeness), with a higher result among Val allele carriers than Met/Met genotype carriers, and on the subscale transpersonal identification vs. self-differentiation (self-transcendence), with a higher result found among Met/Met genotype carriers than Val allele carriers. Two significant interactions were also found. On the subscale extravagance vs. reservation (novelty seeking), a higher result was found among carriers of the Val allele and 10/10 genotype than carriers of the Met/Met and 10/10 genotypes. On the subscale empathy vs. social disinterest (cooperativeness), a higher result was found among carriers of the Met/Met and 10/10 genotypes than carriers of the Val allele and 10/10 genotype.
At the allele level, Cloninger's (1987) hypothesis of a negative association between novelty seeking and dopamine levels was confirmed, in the context of COMT Val158Met, where greater novelty seeking was found among carriers of the Val allele in comparison with carriers of the Met/Met genotype.
